Two experiments were conducted to determine the effectiveness of Natuphos® phytase for improving P availability of soybean meal-based semipurified diets (SP, Experiments 1 and 2) and cornsoybean meal-based diets (CS, Experiment 2) fed to broilers (1 to 21 d). There were 360 and 288 birds fed the SP diets in Experiments 1 and 2, respectively, and 288 birds were fed the CS diets in Experiment 2. Phosphorus equivalency values for phytase were calculated. The basal diets were formulated to contain 0.27% nonphytate P (nP); the SP basal diet contained 0.45% total P (tP) that included 0.17% P as defluorinated phosphate; the CS basal diet contained 0.51% tP that contained 0.12% P as defluorinated phosphate. Both basal diets were supplemented with defluorinated phosphate to provide 0.36, 0.45, or 0.54% nP or with 350, 700, or 1,050 U of phytase/kg diets. Supplementing defluorinated phosphate and phytase linearly increased BW gain (P < 0.001), feed intake (P < 0.001), and percentage ash of
INTRODUCTION
Corn and soybean meal are the major feed sources in poultry diets in the U.S. More than 60% of P in corn and soybean meal is in the form of phytate (Nelson et al., 1968; Reddy et al, 1982) . This phytate P has low P availability (National Research Council, 1994) , which leads to the use of inorganic P sources to meet the P requirement of poultry. Therefore, large amounts of P are present in poultry manure. Phytase (EC 3.1.3.8.) is the enzyme known to release the orthophosphate group from the phytate molecule (Gibson and Ullan, 1990) , but dried toes (P < 0.01). Phytase addition increased apparent retention of P (P < 0.02), Ca (P < 0.005 in Experiment 2), and N (P < 0.06 in Experiment 2 for CS), increased apparent digestibility of DM (P < 0.04), and linearly decreased (P < 0.005) P excretion. In comparison to the 0.45% nP diet, P excretion was reduced 42 to 51% by addition of phytase. The addition of defluorinated phosphate linearly decreased apparent retention of P (P < 0.02) and Ca (P < 0.005 in Experiment 2), and increased P excretion (P < 0.007). The average of released P by phytase calculated by solving nonlinear or linear response equations of P and phytase levels for SP diets in Experiments 1 and 2 gave a P equivalency value of 1 g P = 1,146 U of phytase. The P equivalency value for CS diets fed only in Experiment 2 was 785 U of phytase = 1 g P as defluorinated phosphate. These studies show that microbial phytase is effective for improving P availability and for decreasing P excretion. Added phytase can also increase Ca and N retention.
1996 Poultry Science 75:240-249 the specific activity of phytase in the body and in the diets of poultry is very limited (Davies and Motzok, 1972; Pointillart et al, 1984) . Recently, a microbial phytase from Aspergillus was used to improve the availability of the phytate P of corn-soybean meal diets (Simons et al, 1990; Schoner et al, 1991 Schoner et al, , 1993 . Data using pigs indicated that microbial phytase might influence the utilization of DM, and other nutrients such as Ca and CP Qongbloed et al, 1992; Lei et al, 1994; Mroz et al, 1994) . Little is known about the equivalency values of microbial phytase for inorganic P in poultry diets fed graded levels of phytase. The present experiments were conducted to determine the effectiveness of microbial phytase for improving P, Ca, and N apparent retention and P excretion in broilers fed soybean mealbased semi-purified diets or corn-soybean meal-based diets. Equations were generated and used to calculate equivalency values of phytase for inorganic P using each of these basal diets.
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MATERIALS AND METHODS
Peterson x Arbor Acres male broiler chicks (n = 936) were used in two 21-d experiments to investigate the effectiveness of supplemental Natuphos® phytase 3 and added defluorinated phosphate (DFP) on performance, toe ash, P, Ca, and N utilization, and P excretion of broilers fed soybean meal-based semi-purified diets (SP, Experiments 1 and 2) or corn-soybean meal-based diets (CS, Experiment 2). Eight treatments were designed for each diet type (Table 1) . The basal diets were formulated to contain 0.27% nonphytate P (nP, Table 2 ). The SP basal diet contained 0.45% total P (tP) that included 0.17% P as DFP and the CS basal diet contained 0.51% tP that contained 0.12% P as DFP. This level of nP was selected based on the results of a previous broiler phytase trial (D. M. Denbow, unpublished data) , and the need to maintain dietary nP below the current National Research Council (1994) recommendations to ensure a strong response to phytase additions. Each basal diet was supplemented with DFP to provide 0.36, 0.45, or 0.54% nP or with 350, 700, or 1,050 U of phytase/kg of diet. The assayed phytase activity and Ca and P contents are shown in Table 1 . Also, 1,050 U of phytase/kg diet was added to 0.54% nP with each diet type. The Ca:tP ratio was maintained at 2:1 in all diets. Limestone and DFP were added to the diets at the expense of cornstarch. A unit of phytase activity is defined as the quantity of enzyme that liberates 1 jtmol of inorganic P/ min from 5.1 mM sodium phytate at pH 5.5 and 37 C 3BASF Corp., Mt. Olive, NJ 07823-1234. 4 Titertek Multiskan MCC/340: serial no. 1EEE-448, Flow Laboratories Inc., McLean, VA 22102. (Engelen et ah, 1994) . Because phytate was supplied only from the soybean meal in SP, the dietary percentage of phytate P (0.18%) was similar in Diets 1 to 8. The dietary percentage of phytate P (0.24%) in CS was also similar in Diets 9 to 16.
Broilers (average BW = 39 g in Experiment 1, 44 g in Experiment 2), obtained from a commercial hatchery, were randomly allotted on the day hatched to 36 pens (10 chicks per pen) in Experiment 1, and 72 pens (8 chicks per pen) in Experiment 2. They were housed in electrically heated, raised wire-floored starting batteries in an environmentally controlled room. Within each diet type (SP vs CS), the basal diet (Diet 1 or 9) was randomly assigned to eight pens, whereas the other seven treatments were assigned to four pens. Diets were fed in a dry mash form for 21 d. Birds had ad libitum access to feed and water. The care and treatment of broilers followed published guidelines (Consortium, 1988) . Body weights and feed intake were recorded on a pen basis at weekly intervals. Mortality was recorded daily.
During the 3rd wk (Days 18 to 20), a total collection of excreta from each pen was carried out. Feed intake and production of excreta were measured quantitatively per pen over the 3 consecutive d. Excreta from each pen were stored in plastic bags at -20 C. After thawing, excreta were dried in an oven at 70 C and weighed. Excreta, along with diet samples, were ground to pass through a 1-mm sieve. Dry matter was determined according to Association of Official Analytical Chemists (1990) procedures. Following a nitric-perchloric acid wet digestion, P concentrations were determined colorimetrically with the computer program "Microkinetics" and microplate reader 4 and Ca contents were determined with an atomic absorption spectrophotometer. Nitrogen Supplied per kilogram of diet: manganese, 88 mg; zinc, 95 mg; iron, 100 mg; copper, 12.5 mg; iodine, 4 mg; selenium, 0.6 mg.
concentrations in Experiment 2 were determined by Kjeldahl method (Association of Official Analytical Chemists, 1990). Apparent retention (percentage of intake) of P, Ca, and N were calculated for each dietary treatment.
On Day 21, all surviving chicks were euthanatized. Toe samples were obtained by severing the middle toe through the joint between the second and third tarsal bones from the distal end. The left middle toes of all chicks within a pen were pooled, and the right middle toes from the same chicks were pooled, yielding two samples of toes per pen. The composite samples were dried to a constant weight at 100 C and then ashed in a muffle furnace at 600 C for 4 h (Potter, 1988) . Data were analyzed by the General Linear Models procedure of the SAS® (SAS Institute, 1990) with pen means as the experimental unit except toe ash percentage, which included foot (left and right). Linear and quadratic effects of DFP (Diets 1 to 4 or Diets 9 to 12) and supplemental phytase (Diet 1 and Diets 5 to 7 or Diet 9 and Diets 13 to 15) were tested using orthogonal polynomials. Comparison of main effects between SP and CS in Experiment 2 (Diets 1 to 8 vs Diets 9 to 12) were also made by orthogonal contrasts. Comparisons between the diet containing 0.54% nP and diet containing 0.54% nP plus supplemental phytase (Diet 4 vs Diet 8 or Diet 12 vs Diet 16) were made using nonorthogonal contrasts.
Nonlinear and linear functions that best fitted our data were derived for phytase levels (Diet 1 and Diets 5 to 7 or Diet 9 and Diets 13 to 15) and for nP levels (Diets 1 to 4 or Diets 9 to 12) for SP and CS with the nonlinear model: Y = a(l -be-k*) and linear model: Y = a + bX; where Y = the response measurements; X = nP (percentage) or phytase added (units per kilogram of diet). The nonlinear or linear response equations with the higher r2 value for added nP and the equation of phytase levels were set equal and solved. For example, the equation for BW gain in Experiment 1 was as follows:
652.8(1 -40.7e-19.6Y) = 617.1(1 -0.156e-ooo42X) Y = -0.051 In (0.001344 + 0.003623e-o°042X).
For example, given phytase (X) = 500 U/kg of diet, the equivalent nP(Y) = -0.051 In (0.001344 + 0.003623e-ooo42x soo) and Y = 0.323% nP (Table 5 ). Therefore, Released P = equivalent nP -nP in the diet (for example 0.323% -0.27% = 0.053%). That result means that the growth response of 500 U of phytase/kg of diet is equal to 0.053% nP or 0.53 g of nP/kg. The resulting equations were used to calculate the equivalent P (percentage) at 250, 500, 750, and 1,000 U of phytase/kg of diet in order to compare the results with other reports in the literature that often studied the addition of 500 or 1,000 U of phytase/kg of diet. These values were used to determine the amount of P released, and the mean of BW gain and toe ash percentage was used to generate a P equivalency equation for each diet type. The use of a regression line (equation) generated from graded levels of P or phytase provides a more accurate means of estimating a response than a single number. Also, the generation of a P equivalency equation from the equations for P and for phytase allows for the calculation of the P equivalency values of phytase for any point on the line. Further, the use of mathematical equations allows for the easy incorporation of this information in computer models.
RESULTS

Experiment 1
Increasing the level of nP linearly increased (P < 0.001) BW gains, feed intake, and ash percentage of toes of broilers (Table 3) . Body weight gain and feed intake reached a plateau at 0.45% nP, but ash percentage of toes continued to increased to 0.54% nP. Gain:feed was unaffected by increasing the level of nP. Adding phytase to the 0.27% nP diet linearly increase BW gains (P < 0.001), feed intake (P < 0.001), and percentage ash of toes (P < 0.01). Gain:feed was not influenced by supplemental phytase. Addition of phytase to diets containing above National Research Council (1994)-recommended levels of nP (0.54%) tended (P < 0.08) to improve BW gains and feed intake; however, gain:feed and ash percentage contents of toes were unaffected by adding phytase.
Increasing the level of nP linearly decreased (P < 0.02) P retention as a percentage of P intake and linearly increased (P < 0.001) P excretion (Table 4) . The digestibility of DM was lower for broilers fed 0.27% nP diets than those fed the diets with addition of DFP or phytase. Retained Ca showed a decreased trend (P = 0.12) with increased levels of DFP. The reduction in P and Ca retention and the increase in P excretion were more evident when dietary level of nP was increased from 0.45 to 0.54% nP.
Adding graded levels of phytase linearly increased (P < 0.08) P retention and linearly reduced (P < 0.001) P excretion. The major increase in P retention or decrease in P excretion occurred with 350 U of phytase/kg of diet. Additions of phytase to the basal diet with 0.27% nP resulted in an 18 to 25% reduction in the P excreted. When compared with 0.45% nP (National Research Council, 1994 recommendation) diet, adding phytase decreased P excretion by 42 to 47%. Calcium retention showed an increased trend with added phytase to 700 U/kg of diet. The digestibility of DM was increased in the range of 0 to 350 U of phytase/kg of diet and then slightly decreased for 700 and 1,050 U of phytase/kg of diet (P < 0.04). Addition of phytase to the 0.54% nP diet had no effects on P retention or P excretion, but increased DM digestibility (P < 0.03) and decreased Ca retention (P < 0.1). Mortality was within normal ranges (3%) during the trial, and differences in mortality were not observed among the various dietary treatments.
Phosphorus equivalency values of phytase were calculated using equations for BW gain, and toe ash percentage (Table 5) because of their economic importance and ease of determination. Phytase levels of 250,500, 750 and 1,000 U of phytase/kg of diet were used for these calculations. When BW gain and toe ash percentage values were 0.5 J Four pens (10 birds per pen) per treatment mean, except Diet 1, which had eight pens per treatment mean. DFP = defluorinated phosphate. 2 Phosphorus effects (linear, P < 0.001; quadratic, P < 0.01 or 0.001). 3 Phosphorus effects (linear, P < 0.001; quadratic, P < 0.07). 4 Phytase effects (linear, P < 0.001; quadratic, P < 0.10). 5 Phytase effect (linear, P < 0.01). 6 Contrast (Diet 4 vs 8; P < 0.08). TMSE = the root mean square error; SEM = MSE/Vn, where n = 8 (Diet 1) or 4 (all others) pens. iBased on total collection of excreta from Day 18 to 20; four pens (10 birds per pen) per treatment mean, except Diet 1, which had eight pens (10 birds per pen) per treatment mean. DFP = defluorinated phosphate.
2 Phosphorus effect (linear, P < 0.02).
3 Phosphorus effects (linear, P < 0.001; quadratic, P < 0.06). 4 Phytase effects (quadratic, P < 0.04). s Phytase effects (linear, P < 0.08; quadratic, P < 0.02). 6 Phytase effects (linear, P < 0.001; quadratic, P < 0.03). 7 Contrast (Diet 4 vs 8, P < 0.03). 8 Contrast (Diet 4 vs 8, P < 0.1).
9 MSE = the root mean square error; SEM = MSE/^n, where n = 8 (Diet 1) or 4 (all others) pens.
weighted equally, a P equivalency equation, Y = 0.15 + 0.000532X was obtained (Table 5) ; where Y = P equivalency value (grams per kilogram); and X = added phytase (units per kilogram of diet). Based on the equation, 1,599 U of microbial phytase was equivalent to 1 g of P as DFP. It was estimated that 14,23,30, and 37% of the phytate P in soybean meal would be released by the addition of 250, 500, 750, and 1,000 U of phytase/kg of diet, respectively. The response per 100 U of phytase decreased from 250 to 1,000 U of phytase/kg of diet.
Experiment 2
The main effects of diet type are shown in Table 6 . Broilers fed SP ate less (P < 0.008), but were more efficient (P < 0.001) and grew faster (P < 0.001) than broilers fed CS. Toe ash percentage and apparent retention of P and Ca were higher (P < 0.001) for broilers fed SP than for those fed CS. Retention of N was higher (P < 0.001) for CS than those for SP, but DM digestion was numerically higher (P = 0.32) for broilers fed SP than for those fed CS. 6. Main effect means of average performance, toe ash percentage, and apparent digestibility of DM, and retention of F, N, and Ca, and P excretion of broilers fed soybean meal-based semi-purified diets and corn-soybean meal-based diets (Days 1 to 21) Phosphorus excretion was higher (P < 0.001) for broilers fed CS than for those fed SP. Similar significant increases in BW gain and feed intake were observed for increasing levels of DFP and for increasing levels of added phytase to the two types of diets (Table 7) . Body weight gain and feed intake reached a plateau at 0.45% nP and at 700 U of phytase/kg of diet with 0.27% nP for broilers fed SP. However, BW gain and feed intake continued to increase to 0.54% nP for broilers fed CS, but tended to reach a plateau at 700 U of phytase/ kg of diet with 0.27% nP. The addition of phytase (1,050 U/kg of diet) to the 0.54% nP diet tended to improve gain: 3Phosphorus effects (linear, P < 0.002; quadratic, P < 0.03 for SP). 4 Phosphorus effects (linear, P < 0.001; quadratic, P < 0.001 for SP). 5 Phytase effects (linear, P < 0.001 for SP; P < 0.001 for CS). ^Phytase effect (linear, P < 0.02 for SP; P < 0.001 for CS; quadratic, P < 0.05 for CS).
7
Phytase effects (linear, P < 0.01 for SP). 8 Phytase effects (linear, P < 0.001 for SP; P < 0.06 for CS). 'Contrast (Diet 4 vs 8, P < 0.07). "Contrast (Diet 12 vs 16, P < 0.007). n MSE = the root mean square error; SEM = MSE/Vn, where n = 8 (Diet 1) or 4 (all others) pens. iBased on total collection of excreta from Day 18 to 20; four pens (eight birds per pen) per treatment mean, except Diets 1 and 9, which had eight pens per treatment mean. DFP = defluorinated phosphate.
2 Phosphorus effect (linear, P < 0.02). 3 Phosphorus effect (linear, P < 0.001; quadratic, P < 0.001). 4 Phosphorus effect (linear, P < 0.001). 5 Phosphorus effect (linear, P < 0.001; quadratic, P < 0.06).
6
Phytase effect (linear, P < 0.03).
7
Phytase effect (linear, P < 0.005). 8 Contrast (Diet 4 vs 8; P < 0.001). 'Contrast ('Ddiet 4 vs 8; P < 0.05). 10 Phosphorus effect (linear, P < 0.001; quadratic, P < 0.02). u Phytase effect (P < 0.01). i 2 Contrast (Diet 12 vs 16, P < 0.02). i 3 MSE = the root mean square error; SEM = MSE/^n, where n = 8 (Diet 1) or 4 (all others) pens.
feed ratio in SP (P < 0.07), but BW gain and feed intake were not affected. Adding DFP and phytase linearly increased toe ash percentage for SP (P < 0.001) and for CS (P < 0.001 and P < 0.06, respectively, for nP and phytase). Phytase added to the 0.54% nP diet increased toe ash percentage of broilers fed CS (P < 0.007), but not of broilers fed SP.
Apparent digestibility of DM (P < 0.02) and retention of P (P < 0.001) and Ca (P < 0.001) linearly decreased as the level of nP increased in SP (Table 8) ; however, only apparent retention of P (P < 0.001) and Ca (P < 0.001) were linearly decreased as the level of nP increased in CS. Adding phytase linearly increased the apparent digestibility of DM (P < 0.03 for SP, P < 0.005 for CS), and retention of P (P < 0.005 for SP and CS), N (P < 0.01 for CS) and Ca (P < 0.001 for SP and CS). The addition of phytase to the 0.54% nP diet decreased the apparent retention of Ca in SP (P < 0.001), and increased apparent retention of Ca in CS (P < 0.02). Phosphorus excretion linearly increased (P < 0.001) as the level of DFP was increased, but linearly decreased (P < 0.005) as phytase was added to the 0.27% nP diet. Compared with the 0.45% nP diet, P excretion was reduced 30 to 60% by adding phytase. The addition of 1,050 U of phytase/kg of diet to the 0.54% nP diet increased (P < 0.05) P excretion. Nonlinear and linear response equations for SP and CS with increasing levels of DFP or supplemental phytase were developed using treatment means (Table 9 ). The P equivalency values of phytase for 1 g P was calculated using the equation derived from the average for BW gain, and toe ash percentage for each of the types of diet (Table 10 ). For SP, 952 U of microbial phytase was equivalent to 1 g of P as DFP, and for CS, 785 U of phytase was equivalent to 1 g of P. Based on the addition of 250 to 1,000 U of phytase/kg of diet, 9 to 60% for SP and 21 to 50% for CS of phytate P was released. Phytase appeared to release more phytate P in CS than in SP. The response per 100 U of phytase/kg of diet decreased as the total amount of phytase added was increased in CS, but slightly increased in SP. Mortality was within normal ranges (3%) during the trial, and differ- ences in mortality were not observed among the various dietary treatments.
DISCUSSION
The results obtained from these 21-d studies with day-old Peterson x Arbor Acres male broiler chicks indicate that Natuphos® phytase is effective in improving P availability in corn and soybean meal for broilers. Supplemental phytase of 350, 700, and 1,050 U/kg of diet to SP or CS increased BW gain 11 to 22%, feed intake 6 to 25%, toe ash percentage 4 to 18%, and P retention 3 to 25%. The responses agree with other findings (Simons et ah, 1990; Schoner et ah, 1991; Vogt, 1992) . The BW gains of broilers with addition of phytase (700 to 1,050 U/kg of diet in SP, 1, 050 U/kg of diet in CS) to the 0.27% nP basal diet were very close to those of 0.45% nP diet (National Research Council, 1994 recommendation); however, improved BW gains were mainly related to the increased feed intake.
The retention of P (percentage of intake) was increased as the addition of phytase increased and as the level of DFP was increased, which agrees with previous findings of Schoner et ah (1991 Schoner et ah ( ,1993 when broilers were fed a P-deficient corn-soybean meal diet. Schoner et ah (1991) fed a basal diet with 0.6% Ca and 0.45% tP (0.1% from monocalcium phosphate, MCP), whereas Schoner et ah (1993) fed a basal diet with three levels of Ca (0.60, 0.75 or 0.90%) with 0.35% tP (all coming from corn and soybean meal).
Improvements of the utilization of Ca, N (not measured for Experiment 1), and DM by supplemental phytase were found in these experiments. These results are supported by other findings (Ketaren et ah, 1993; Yi et ah, 1994) . Schoner et ah (1991 Schoner et ah ( , 1993 ) also reported improved Ca retention of broilers given supplemental phytase. Phytic acid exists as phytin in plants (Cosgrove, 1980) . Because of its chelating ability, phytate may reduce the availability of essential minerals (Reddy et ah, 1982; Morris, 1986) . Phytate also has the ability to bind protein and to form a ternary complex, protein-cationphytic acid (Cheryan, 1980; Wise, 1983; Champagne et ah, 1990) , which may reduce protein utilization (Thompson and Serraino, 1986 ). The present results support this hypothesis.
The response of broilers to phytase supplementation of diets containing above-recommended levels of nP (0.54%) was not consistent. Addition of 1,050 U of phytase/kg of diet to the 0.54% nP diet increased BW gain and feed intake, but did not affect gain:feed in Experiment 1. Supplemental phytase increased gain:feed in SP, but did not change BW gain or feed intake in Experiment 2. The unexpected depression observed in apparent Ca retention in SP containing 0.54% nP is noteworthy. It is believed that high levels of P inhibit Ca absorption by the formation of insoluble Ca-P complexes in the intestinal tract (Guyton, 1986) . However, the addition of 1,050 U of phytase/kg of diet to CS containing 0.54% nP increased Ca retention and toe ash percentage. This result indicates that the response may be related to the diet type because the birds fed CS had better utilization of nutrients than those fed SP (see below).
In comparison to the National Research Council (1994) recommended nP level of 0.45%, addition of 350, . 4 Phytate P in soybean meal diet (0.18%); in corn-soybean meal diet (0.24%) (see Table 1 ). 700, and 1,050 U of phytase/kg of diet decreased P excretion by 47, 50, and 52% in SP and by 30, 37, and 41% in CS, respectively. Schoner et al. (1990) derived that one manure unit corresponded to 350 broilers with a P discharge of 55 kg P2C»5/yr. The data presented here indicate that adding phytase to broiler diets could decrease P discharge from 55 to 33 kg of P20s/yr, and increase the number of broilers per manure unit from 350 to 490 for the same amount of P excretion. Adding phytase to the diets for poultry provides an important means of reducing the possibility of environmental pollution by P. It is estimated that approximately 250,000 tons of P are annually produced as a waste product by poultry in the U.S. (Cromwell and Coffey, 1991) . A 30% reduction in P excretion would mean 75,000 tons less P excreted by poultry annually in the U.S.
Different measurements could result in various P equivalency values. In this study, body weight gain, feed intake, toe ash percentage, and P excretion were the most sensitive indicators that consistently showed high r2 in the nonlinear or linear response equations for graded levels of nP and added phytase in both diet types (Table 9) . However, P excretion demonstrated opposite trends between added DFP and phytase. Feed intake had a similar response to BW gain, thus BW gain and toe ash percentage were used to calculate P equivalency values of phytase.
Equivalency values and percentage of P released from phytate indicate that the addition of phytase to CS may release more phytate P than when phytase is added to SP. That result may be due to the fact that CS have a higher concentration of phytate than SP (0.24 vs 0.18%), and the amount of P released by phytase is correlated with the amount of phytate in the diets. The other reason for the difference is that the P equivalency values of phytase were calculated by comparing the responses to graded levels of nP (as a standard line) with the responses to graded levels of phytase in each diet type, whereas the DFP responses in SP were higher than those in CS (Table 6 ). The high responses of DFP in SP resulted in relatively low equivalency values of phytase for P.
Results of these experiments demonstrated that the average P equivalency values of phytase for SP (averaged for Experiments 1 and 2) were 1,146 U = 1 g P and 785 U = 1 g P for CS, when BW gain and toe ash percentage values are weighted equally and averaged. A value of 700 U of phytase suggested by Schoner et al. (1991) to be equivalent to 1 g P from MCP, when P contained in the carcass was used in the calculation; a value of 762 U of phytase was obtained when the calculation was based on crude ash in the total body. Schoner et al. (1993) reported the P equivalency of phytase at 14 d as 1 g P as MCP = 570 U of phytase for BW gain and 1 g P = 1,050 U of phytase for P retention. At 40 d, 850 U of phytase was equal to 1 g P for both measurements.
